Simultaneous tracings of right and left ventricular leads were taken in 6 dogs with experimentally produced left bundle-branch block, and in 30 clinical cases of left ventricular hypertrophy. In the experimental study it was found that the initial phase of the QRS complex in the right epicardial lead did not change its configuration or its duration after the production of left bundle-branch block. This observation offers a new concept of the septal and left ventricular activation in left bundle-branch block. It was coneluded that a considerable portion of the cases of left bundle-branch block.
eluded that a considerable portion of the cases of left bundle-branch block.
A METHOD of measurement of left ven- tricular activation time in 'normal subjects was discussed in a previous paper.' From a simultaneous recording of right and left precordial leads, it was found that the negativity recorded as an S wave in lead V1 was a reciprocal transmission of the positive potentials created by the activation of the left ventricular wall. Furthermore, it was coneluded that the time interval from the onset of the initial deflection to the nadir of the S wave in V1 represents a better index of the left ventricular activation time than does the usually measured interval from the onset of the initial deflection (q wave) to the peak of the R wave in V7.
While there is a marked change in the configuration of the initial phase of the left precordial complexes in clinical cases of left bundle-branch block, the initial phase of the right precordial complexes remains essentially unchanged.' 3 Although the configuration of the latter is similar to that found in normal subjects, the mechanism of its production is thought to be different. In This investigation was supported by grant H-1492, National Heart Institute, National Institutes of Health, U.S. Public Health Service, the Michigan Heart Association, the R. C. Mahon Foundation and the C. Cox Foundation. left ventricle is activated normally in some tal activation from left to right causes the inscription of an r wave in both right ventricular cavity and right ventricular leads.* Upon activation of the right ventricular wall, further extension of the r wave occurs in the right ventricular leads. On the other hand, in left bundle-branch block, the initial activation of the septum from right to left causes a negativity in the right ventricular cavity. Nevertheless, despite this negativity, the right ventricular leads usually reveal r waves as seen in normal tracings. This discrepancy has been attributed to the early activation of the apical portion of the right ventricle. 4 Following the initial positive deflection in right ventricular leads an S wave is inscribed both in normal tracings and in left bundlebranch block. This S wave is caused by activation of the free wall of the left ventricle in normal hearts and is attributed to the abnormally slow activation of the septum from right to left in cases of left bundlebranch block. The activation of the free wall of the left ventricle in left bundle-branch block would be expected to produce further negativity and deepening of the S wave in the right ventricular leads. However, according to the generally accepted concept,4 activation of the left ventricular wall is manifested by the ascending limb of the S wave. But no adequate explanation is given for this. The left intraventricular cavity lead shows some delay in the onset of the initial deflection after the production of left bundlebranch block. The right epicardial lead shows an rS pattern before and after left bundlebranch block. The time interval from the onset of the initial deflection to the nadir of the S wave is identical in both control and left bundle-branch block. made in the pericardium overlying each atrium, and a small cotton-tipped intracavity electrode was inserted transatrially into each ventricular cavity. Another small cotton-tipped electrode was used to explore the entire surface of the heart through the intact pericardium in order to find complexes similar to V1 and V7 in human tracings. The rS type of complex typical of V1 could be found on the right ventricle near the septum and a qRs or Rs type of complex similar to V7 was obtained from the anterolateral wall of the left ventricle. The positions of the epicardial electrodes were similar to those of V1 and V7 in human tracings. Small saline-soaked cotton electrodes were gently sewn onto the epicardium through a small window in the pericardium. A control electrocardiogram was taken simultaneously from the 4 electrodes in the proper locations with a paper speed of 100 mm. per second, with a Sanborn 4-channel direct-writer. For more accurate meas-urement of the rS duration in right epicardial leads, a Sanborn Twin-Beam Cardiette was used with a paper speed of 75 mm. per second. Left bundle-branch block was produced by inserting an iridectomy knife through the posterior portion of the left ventricle near the atrioventricular groove and severing the left bundle. The diagnosis of left bundle-branch block was based on the finding of an initial positive deflection in the left intraventricular cavity lead in the presence of a sinus rhythm.
RESULTS
In all instances, the control tracings revealed the simultaneous onset of the initial deflections in all 4 leads (figs. 1 and 2).
Right Epicardial Complex. In the control tracings, the right epicardial complex was of the rS type in all instances ( fig. 3 ). Its average duration from the onset of the r to the nadir of the S wave was 0.021 second. After the production of left bundle-branch block, the rS complexes persisted, and the interval from the onset of r to the nadir of S was unchanged. The only marked change in the right epicardial complex after the production of left bundle-branch block was slurring and widening of the ascending limb of the S wave, which accounts for the increased duration of the entire QRS complex. The average QRS duration was 0.046 second in control tracings and 0.090 second after production of left bundle-branch block.
Left Epicardial Complex. In the 6 animals, 4 had an Rs type of complex in the control tracings ( fig. 1 ). In the other 2 animals, the complexes were of the QRS type ( fig. 2) able delay in the inscription of the initial deflection ( fig. 1) .
The Relationship of the Nadir of the S Wave in Right Epicardial and the Peak of the R Wave in Left Epicardial Leads. In the control tracings, the nadir of the S wave in the right epicardial leads always occurred simultaneously with or later than the peak of the R wave in left epicardial leads. This relationship changed after the production of left bundle-branch block, when the nadir of the S wave in right epicardial leads always occurred earlier than the peak of the R wave in left epicardial leads. 26 . The entire QRS duration is 0.185 second in lead V7. The simultaneous tracings of V1 and V7 disclose qrS and rsrsR pattern. The ascending limb of the S wave in the right precordial leads is markedly slurred. The duration from the onset of the initial deflection in V1 to the nadir of the S wave is 0.07 second, indicating left ventricular hypertrophy. In addition, the reversed relationship of the nadir of the S wave in V1 and the peak of the R wave in V7 suggests left bundle-branch block. At autopsy the heart weighed 650 Gm., with left ventricular hypertrophy. There were some old infarctions and many new infaretions at left of septum. Multiple septal infarctions account for the left bundle-branch block.
CLINICAL STUDY
preparations at the time of study. Patients with evidence of old myoeardial infarction were included, but those with acute myocardial infarction were eliminated from this series. Patients with possible right ventricular enlargement were also excluded. The age of the patients ranged from 28 to 65 years with a mean of 52 years.
In all patients simultaneous recordings were made of lead V1 and of lead V7, with each lead from V3R to V7, as described in the previous pa- Time Relationship and Duration of Complexes. In 23 of the 30 cases, the nadir of S in V1 occurred earlier than peak of R in VT (figs. 6, 7, and 8). This finding was the reverse of that in normal cases. In these 23 instances, the relationship of S in V1 and R in V7 was exactly the same as that in experimentally produced left bundle-branch block in dogs. In 4 of the remaining 7 cases, the nadir of S in V1 occurred later than the peak of R in V7 (figs. 4 These observations seem to cast doubt upon the classic concept12 that in left bundle-branch block, left ventricular depolarization does not start until completion of the septal depolarization from right to left. In addition, they suggest that clinical bundle-branch block is partial or incomplete in nature.
In a preceding paper,' the nature and significance of the rS complex in right precordial leads were analyzed. It was concluded that this complex, measured from the onset of the initial deflection to the nadir of the S wave in V,, represents an accurate measurement of the left ventricular activation time in normal subjects. This conclusion also appears to be true of epicardial tracings taken from the right ventricles of normal dogs. Although there is a distinct difference between epicardial and precordial leads, the same intervals from the onset of the initial deflection to the nadir of the S wave in right epicardial leads presumably represent the left ventricular ac-tivation time in dogs, since this interval is always identical with or greater than the interval from the onset of the initial deflection to the peak of the R wave in left epicardial leads.* That this interval showed no change after experimental production of left bundlebranch block in dogs ( fig. 3) indicates that the left ventricular activation is still manifested by the same interval.
A clinical example of this situation is shown in figure 9 , in which the patient developed left bundle-branch block as the result of a myocardial infarction. The block disappeared in about 1 month. In this instance, the time interval from the onset of the initial deflection to the nadir of the S wave in lead V1 remained identical in tracings obtained before and during left bundle-branch block and after its disappearance.
In 30 clinical cases of left ventricular hypertrophy 9 showed typical left bundlebranch block (figs. 7 interval in lead V1, not only in normal subjects but also in cases of left bundle-branch block, it follows that there is no delay in the onset of the left ventricular activation in the latter instances. This new concept differs markedly from the classic one.12 The following alternative suggestions are offered to explain the mechanism of septal and ventricular depolarization in left bundle-branch block.
The septum may be activated from either direction or it may be activated simultaneously from right and left, depending upon the location and severity of the block in the left bundle. Whatever the direction of the initial septal activation may be, there is no delay in the arrival of the impulse at the subendocardial aspect of either ventricle. Therefore, depolarization of the free wall of the ventricles begins normally. At the same time, an abnormal potential occurs in the septum at the site of the block. Because of the location of the electrode in right ventricular leads, both epicardial and precordial leads register only the overwhelming potentials created by the nor-nally activated ventricles, and the septal potentials are masked. The potentials derived from forces created by the activation of the free wall of the left ventricle produce a normal appearance of the rS wave in right ventricular leads. In contrast, left ventricular leads register the combined forces created by the normally activated ventricles and the abnormally activated diseased portion of the septum. Thus there occurs a slurring in the upstroke of the R wave. There is also a notch of the ascending limb of the R wave indicating the completion of the activation in the undiseased portion of the left ventricle. Simultaneous with the notch of the ascending limb of the R wave in left ventricular leads, the S wave in right ventricular leads inscribes its nadir as seen in normal tracings. The abnormal part of the septum then completes its activation and is followed by the activation of the portion of the left ventricle which is supplied by the diseased left bundle. These last forces appear to be directed toward the anterior portion of the heart10' 13 rather than posteriorly, as in the normal heart. For this reason, the right ventricular leads register relatively positive potentials in the ascending limb of the S wave and a plateau in the R wave in left ventricular leads ( fig. 8 ). This last force directed toward the anterior portion of the heart is often seen as a delayed positivity at the transitional area of clinical precordial leads (figs. 7 and 8) .
This new concept, that the left ventricle begins its activation in a normal manner in cases of left bundle-branch block, is supported by the work of Braunwald and Morrow.14 These investigators simultaneously catheterized both left and right ventricles in patients with left bundle-branch block. They found that the onset of both ventricular pressure curves occurred at the same instant. This observation is not compatible with the usual concept of left bundle-branch block, which postulates complete interruption of conduction in the left bundle, and tends to substantiate the new concept discussed above.
With this new concept it is possible to explain certain findings that have not been well understood in the past, for example, the occurrence of a pure R wave in the left ventricular cavity lead in some cases of left bundle-branch block.5 According to the classic theory,'2 the activation of the left ventricle always follows that of the septum. The inscription of an S wave in the left ventricular cavity lead is then expected, since the potentials are directed from within outward during the depolarization of the left ventricle and therefore register negative potentials. The relationship between the nadir of the S wave in right ventricular leads and the peak of the R wave in left ventricular leads pre- In the dogs the duration from the onset of the initial deflection to the nadir of the S wave in the right epicardial lead did not change after the experimental production of left bundle-branch block. On the other hand, there was a marked change in the configuration and duration of the left epicardial complexes.
After experimental production of left bundle-branch block, there sometimes occurred a delay in the onset of the initial deflection in leads obtained from the left ventricular cavity. The possible causes for this delay were discussed.
In patients with clinical left ventricular hypertrophy, the interval from the onset of the initial deflection to the nadir of the S wave in V1 was prolonged. This finding strongly suggests that this interval represents left ventricular activation time in cases of left ventricular hypertrophy, with or without associated left bundle-branch block.
The nadir of SV1 occurred earlier than the peak of RV7 only in cases of left bundlebranch block. This phenomenon appears to offer a useful criterion for the clinical diagnosis of left bundle-branch block.
It was concluded that in left bundle-branch block a considerable portion of the left ventricle begins its activation at the normal time and in a normal manner. Only that portion of the left ventricle supplied by the blocked part of the left bundle is depolarized later. This concept implies that complete functional block of the entire left bundle is doubtful, but that in practically all instances of left bundlebranch block, the block is incomplete. Electrocardiogrammas simultanee a derivation dextero-e sinistro-ventricular esseva obtenite ab 6 canes con bloco de branca sinistre a production experimental e 30 casos clinic de hypertrophia sinistro-ventricular.
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In le canes, le duration ab le declaration del deflexion initial usque al nadir del unda S in le derivation dextero-epicardial non se alterava post le production experimental de bloco de branca sinistre. Del altere latere, il occurreva marcate alterationes in le configuration e le duration del complexos sinistroepicardial.
Post le production experimental de bloco de branca sinistre, il occurreva in certe casos un retardo in le declaration del deflexion initial in derivationes ab le cavitate sinistroventricular. Le causas possibile de iste retardo es discutite.
In patientes con clinic hypertrophia sinistro-ventricular, le intervallo ab le declaration del deflexion initial usque al nadir del unda S in V1 esseva prolongate. Iste facto es un forte indication que le intervallo in question representa tempore de activation sinistro-ventricular in casos de hypertrophia sinistroventricular, con o sin associate bloco de branca sinistre.
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